Abstract. As potential regulators of DNA accessibility and activity, epigenetic modifications offer a mechanism by which the environment can moderate the effects of genes. To date, however, there have been relatively few studies assessing epigenetic modifications associated with post-traumatic stress disorder (PTSD). Here we investigate PTSD-associated methylation differences in 33 genes previously shown to differ in whole blood-derived gene expression levels between those with vs. without the disorder. Drawing on DNA samples similarly obtained from whole blood in 100 individuals, 23 with and 77 without lifetime PTSD, we used methylation microarray data to assess whether these 33 candidate genes showed epigenetic signatures indicative of increased risk for, or resilience to, PTSD. Logistic regression analyses were performed to assess the main and interacting effects of candidate genes' methylation values and number of potentially traumatic events (PTEs), adjusting for age and other covariates. Results revealed that only one candidate gene -MAN2C1 -showed a significant methylation x PTE interaction, such that those with both higher MAN2C1 methylation and greater exposure to PTEs showed a marked increase in risk of lifetime PTSD (OR 4.35, 95% CI: 1.07, 17.77, p = 0.04). These results indicate that MAN2C1 methylation levels modify cumulative traumatic burden on risk of PTSD, and suggest that both gene expression and epigenetic changes at specific loci are associated with this disorder.
Introduction
The term "epigenetics" refers to the regulation of genetic functions mediated through mechanisms that are independent of DNA sequences. Although multiple types of epigenetic modifications have been identified [1] , all involve chemical modifications that regulate chromatin structure and/or DNA accessibility, which in turn alters the transcriptional activity of the surrounding loci. Epigenetic factors have been the focus of increasing interest among those interested in studying mental illness [2] , including post-traumatic stress dis-order (PTSD) [3] [4] [5] . This interest may be due in part to the relatively few genes that have been conclusively shown to contribute to risk of common mood-anxiety disorders (e.g. [6, 7] ), and the mounting evidence that epigenetic marks can change in response to external experiences [8, 9] . Indeed, as potential regulators of DNA accessibility and activity, epigenetic factors may, through influences on gene expression, offer one mechanism by which the environment can moderate the effects of genes [10] . In addition, epigenetic mechanisms may be involved in the mediation of some geneenvironment (G × E) interactions, such that individuals with particular genotype/epigenotype combinations may be especially inclined toward mental illness in the presence of specific environmental exposures. For example, numerous studies investigating variation in the serotonin transporter promoter (5HTTLPR) locus have demonstrated that carriers of the short allele are more susceptible to depression following exposure to stressful life experiences (reviewed in [11] ). The s allele, in turn, has recently been associated with increased depressive symptoms in adolescents, but only among individuals who also showed relatively high methylation levels at this locus [12] . More broadly, in the case of PTSD, epigenetic effects offer a plausible way in which an environmental exposure (i.e. potentially traumatic event, PTE) may modify biological substrates (i.e. gene expression) in a manner that may increase risk of an adverse psychopathological outcome [4] .
Although epigenetic studies of mental illness have been growing in number in recent years (reviewed in [2] ), studies focused specifically on PTSD are still few in number. Animal models of PTSD have identified epigenetic differences that can discern rats with PTSD-like vs. non-PTSD-like behaviors, using a validated PTSD rat model [13] . In this model, rats are exposed to a predator stimulus (cat scent carried on soiled litter) which serves as the PTE; seven days following the stress exposure, animals are classified as exhibiting PTSD-like and non-PTSD-like behavior according to their performance on behavioral tests (elevated pulsemaze and acoustic startle response [14] ). Assessment of methylation changes in brain tissue following this stress paradigm identified some loci (e.g. Dlgap2) that showed PTSD-associated changes in both methylation and gene expression patterns in postmortem hippocampal tissue [15] . Interestingly, in this study a significant correlation was observed between Dlgap2 gene expression and the degree of behavioral stress responses in individual rats, suggesting that this locus may contribute to the molecular substrate of traumatic stress adaptation in these animals [15] . Another recent study focusing on humans found that those with lifetime PTSD were distinguished by methylation profiles suggesting an upregulation of genes involved in immune system-related genes, and a relative downregulation of genes involved in neurogenesis and the startle response [16] . In the latter, human-based case, however, the reported PTSDassociated epigenetic differences were only hypothesized to be associated with downstream differences in gene expression.
A small but growing literature has provided evidence for gene expression patterns that distinguish between those with vs. without PTSD. The majority of these microarray-based studies have assessed gene expression changes in RNA derived from either peripheral blood mononuclear cells (PBMCs) or whole blood. The earliest work assessed PTSD-associated gene expression signatures among trauma survivors admitted to the emergency room immediately following a traumatic event [17] . Bioinformatic functional analyses of transcripts that were differentially expressed (n = 656) between the two groups showed a reduced expression of transcriptional enhancers, distinct expression signatures of transcripts involved in immune activation, and a significant enrichment of genes that encode neural and endocrine proteins [17] . A more recent study used a custom-made "stress/immune" cDNA microarray to assess expression levels of 384 genes among PTSDaffected and -unaffected individuals using RNA obtained from whole blood [18] . Of note in this study, all of the PTSD-affected individuals had been exposed to the same traumatic event almost 20 years prior to testing -the Ramstein air show catastrophe of 1989 -yet typical PTSD symptoms persisted in this group. Analyses showed a total of 19 differentially expressed transcripts, five and 14 of which were up-and downregulated, respectively [18] . The majority of downregulated transcripts (which were the focus of the study) were associated with immune functions or with reactive oxygen species. Most recently, Yehuda and colleagues reported whole blood-derived gene expression levels among PTSD-affected and -unaffected individuals who had had exposure to the 9/11 attack on New York City [19] . Differential expression was detected in 16 distinct genes, several of which are involved in signal transduction, brain and immune cell function and HPA axis activity. Of note, although several genes in this study had previously been linked to PTSD and/or stress-related outcomes (e.g. FKBP5 [20, 21] , MHC Class II [22] ), the gene showing the largest difference in expression was mannosidase, alpha, class 2C, member 1 (MAN2C1), a locus that had not previously been linked to PTSD.
Collectively, these few early studies suggest that investigations of genome-wide gene expression and epigenetic differences associated with PTSD may help to shed light on the molecular underpinnings of this disorder. Among these early studies, however, there are as yet no reports of both gene expression and epigenetic signatures that characterize PTSD in humans. Here we build on the extant literature that reports results from large-scale, gene expression and epigenetic investigations of PTSD in humans. More specifically, we assess whether genes previously identified as showing PTSDassociated gene expression patterns may also show epigenetic signatures indicative of increased risk for, or resilience to, PTSD. The goal of this work was to conduct a secondary data analysis of the extant PTSD-associated genomic data in order to build a platform for future studies that assess both gene expression and epigenetic differences associated with PTSD from the same individuals, in the same tissues. Since epigenetic variation occurs in a tissue-specific fashion [23] , we focused on the two studies that assessed gene expression in peripheral whole blood [18, 19] , consistent with the starting material of PTSD-associated epigenetic signatures reported in a previous recent study [16] . Furthermore, we focused our analyses on the potential interaction between methylation values of these candidate genes and cumulative traumatic burden, in order to investigate more fully the complex ways in which internal (molecular) and external (PTE) factors may modify risk for this mental illness and result in phenotypic variation following trauma exposure [24] .
Methods and materials

Participants
This study is based on samples obtained from participants in the Detroit Neighborhood Health Study (DNHS). The DNHS is a study of adults, 18 years or older, from the Detroit population. A probability sample of 1,547 households within the city limits of Detroit was initially chosen and one individual per household was then randomly selected for a telephone interview. Participants were administered a 40-minute assessment which included questions on exposure to traumatic events, socio-demographic and behavioral characteristics, and a standardized assessment of posttraumatic stress disorder (PTSD). A subsample of eligible participants during wave 1 of the study consented to provide blood specimens by way of venipuncture (n = 501). Wave one samples were collected principally to assess immune function, and preservation of RNA for gene expression testing was not included in wave 1 biospecimen collection efforts. For the purposes of this study, 100 of these 501 participants were selected midway through the wave 1 sample collection effort in order to conduct exploratory, pilot testing of epigenetic profiles associated with mental illness in communitybased settings.
Wave 1 survey participants were representative of the Detroit population in terms of age, gender, race, income, and educational attainment [25] . The 100 participants in the current study were similar to the full sample on these key sociodemographic characteristics but were, on average, slightly younger than individuals in the full survey sample (45.3 vs. 50.6 years, p = 0.003). Since our subsample of 100 participants for this study was selected specifically according to presence of mental illness, the prevalence of lifetime PTSD is higher in our study sample (23%) than in the full survey sample (14.4%). The DNHS was approved by the Institutional Review Board at the University of Michigan. More details regarding this study can be found in [16] .
Assessment of lifetime post-traumatic stress disorder
Individual assessment of PTSD symptoms was conducted using the PTSD checklist (PCL-C) [26] , a 17-item self-report measure of Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) [27] PTSD symptoms, augmented by additional questions about duration, timing, and impairment or disability due to the symptoms. Participants were initially asked to identify PTEs that they experienced in the past from a list of 19 events that had previously been implemented in an earlier epidemiologic study to assess PTSD in the Detroit area [28] , and an additional question that allowed the participant to briefly describe any other extraordinarily stressful situation or event. We then asked those participants who had experienced at least one traumatic event to choose which one they considered to be the worst. Participants rated each of the 17 PTSD symptoms on a scale indicating the degree to which the respondent had been bothered by a particular symptom as a result of this trauma from 1 (not at all) to 5 (extremely) in reference to this event. An additional PTSD section assessed symptoms based on a randomly chosen traumatic event (excluding the worst event) for those participants who had experienced more than one PTE. Respondents were considered affected by lifetime PTSD if all six DSM-IV criteria were met in reference to either the worst or the random event.
To validate our identification of PTSD obtained from the telephone interview responses, we conducted clinical in-person interviews among a random subsample of 51 participants. A licensed clinician conducted onehour clinical interviews after obtaining signed consent from participants, utilizing the Clinician-Administered PTSD Scale for DSM-IV (CAPS) for PTSD. The counselor was blinded to the information obtained from the participants during the telephone interview. Participants received $50 for participation in this part of the study. Analysis of data from the in-person interviews showed that the PCL-C used during the telephone interviews had excellent internal consistency and high concordance. The PCL-C yielded a Cronbach coefficient alpha (α) of 0.93. Using clustering scoring based on DSM-IV criteria (i.e. to be a case, the participant's symptoms had to meet all six criteria), the instrument had a sensitivity (SE) of 0.24, specificity (SP) of 0.97, positive predictive value (PPV) of 0.80, negative predictive value (NPV) 0.72, and an area under the ROC curve (AUC) of 0.76. Low sensitivity values imply that our survey-based PTSD prevalence estimates are conservative. Importantly, the high specificity insures our PTSD group is made of true cases. All 100 individuals included in this pilot study were exposed to at least one PTE; among these, 23 were PTSD-affected and 77 were -unaffected.
Assessment of additional demographic and behavioral information
Additional demographic and behavioral information including age, race/ethnicity, drinking and smoking was assessed during the telephone portion of the DNHS survey. Socioeconomic status (SES) was assessed via self-report according to whether participants had attained high school equivalency or greater (high SES) or less than high school (low SES). Venipuncture specimens were obtained from consenting participants by trained phlebotomists during home visits, at which time the use of any medication was noted on a specimen collection log. Peripheral blood mononuclear cells (PBMCs) were isolated via Ficoll-gradient centrifugation of whole blood and re-suspended in 6ml of freezing medium, 1ml of which was loaded into a packed cell volume (PCV) tube and centrifuged the tube at 2400RCF for 1 minute. PCV tubes were then assessed for PBMC count using the TPP Easy Read Ruler from MIDSCI (St. Louis, MO) and following manufacturer's recommended protocols.
Microarray analyses
Bisulfite conversion of whole blood-derived DNA samples was performed using the EZ-96 DNA methylation kit from Zymo Research (Orange, CA). One microgram (µg) of each sample (including controls) was subjected to bisulfite conversion following manufacturer's recommended protocol. Experimental controls included replicates for two samples to assess variation throughout the experimental process (i.e. from initial bisulfite conversion through microarray analysis), as well as one sample of completely unmethylated and completely methylated human DNA, commercially available through Zymo Research, in each of the two 96 well plates used in the bisulfite conversion step. All control replicates were placed on separate microarray chips, and the remaining samples were assigned to microarray chips at random, without regard to PTSD status. Bisulfite converted DNA samples were subjected to methylation profiling via the humanmethylation27 (HM27) DNA Analysis BeadChip by Illumina following the manufacturer's recommended protocol. Using this platform, methylation levels were determined for 27,578 CpG dinucleotides spanning 14,495 genes in each of the 100 test samples. The resulting data were background normalized using Bead Studio. Correlation coefficients of the two replicated samples were 0.81 and 0.89, respectively. The average beta value for the methylated controls was 0.93 and the correlation 0.96. The average beta value and correlation of unmethylated controls were 0.17 and 0.98, respectively. Methylation microarray data were validated via pyrosequencing and DNA sequencing of a subset of individuals tested on the original microarray and are reported in detail elsewhere [16] .
Analyses
We assembled a list of the genes (n = 33; Table 1 ) identified as significantly differentially expressed between those with vs. without PTSD in whole blood based on two previous studies [18, 19] . Genes were included in the list if they showed PTSD-associated differences in gene expression in either of the two studies [18, 19] and were also represented on the HM27 BeadChip. We then tested for potential main and interaction effects between methylation at CpG sites associated with these 33 loci and number of potentially traumatic events on risk of PTSD. Data were analyzed using R v2.10.0 and SAS v9.2. Initially, bivariate associations were assessed for PTSD and each of the variables of interest. All tests were two-tailed and evaluated at the 5% significance level. Main effects and interaction effects models were then fitted to establish the relationships of the predictors to PTSD. PTSD diagnosis was based on the DSM-IV criteria as implemented by the PCL-C (and additional questions) as described in the previous section; the predicted probability of lifetime PTSD was then modeled using logistic regression using the following equation: If the official gene name currently differs from that presented in the original paper, the earlier name (or symbol) is provided parenthetically, in italic font. * Where more than one RefSeq applies to a single gene, only one representative RefSeq is shown (corresponding to the RefSeq that was analyzed in this study).
Where i represents an individual, Y is lifetime PTSD, α is the intercept, β is a vector of regression coefficients, and X is a vector of covariates for each individual, γ is the regression coefficient of the interaction term, PTE*Methylation represents the interaction between number of PTEs and Methylation level at a CpG site corresponding to one of the 33 candidate genes. Continuous variables such as age, PBMC count, number of potentially traumatic events (PTE), and methylation beta values were centered to the mean. All predictor variables were maintained in all the models for consistency. Estimated coefficients were evaluated at α = 0.05.
Results
Among the 33 loci identified as showing differential gene expression in whole blood between those with vs. without PTSD [18, 19] , only one demonstrated a significant (p = 0.04) methylation x PTE interaction on risk of PTSD: mannosidase, alpha, class 2C, member 1(MAN2C1), which showed this effect at CpG site cg04008455 on the HM27 BeadChip. Table 2 presents the descriptive statistics and bivariate associations for the whole sample and for those with vs. without lifetime PTSD for the variables included in our final MAN2C1 model. Table 2a classifies the 19 PTEs assessed by the study survey into four main trauma types and provides information regarding their prevalence in the overall sample, and among those with vs. without lifetime PTSD. The average age of the study sample was approximately 45 years, a majority of participants were female (60%), African-american (79%) and had attained high school equivalency or greater (86%). When analyzed according to PTSD status, those with vs. without the disorder differed significantly on the number of PTEs to which they had been exposed, with those with PTSD showing a higher average number of PTEs than those without (7.57 vs. 5.58; p = 0.02). In addition, a greater proportion of participants with PTSD reported having ever smoked (73.91% vs. 53.25%), although this difference did not reach statistical significance (p = 0.08). The remaining variables included in the final model did not differ appreciably between the two groups (Table 1) . Table 3 presents the results of our logistic regression main effects and interaction models focused on MAN2C1. In the main effects model, having ever smoked significantly increased risk of PTSD (OR 5.18, 95% CI: 1.26, 21.26, p = 0.02). In addition, exposure to greater numbers of PTEs was associated with a significant increase risk of PTSD, (OR = 1.21, 95% CI: 1.03, 1.42, p = 0.02), mirroring the results observed in bivariate associations (Table 1 ). In contrast, having ever drank appeared to protect against PTSD (OR 0.22, 95% CI: 0.05, 0.97, p = 0.05). No other factors showed a significant association with risk of PTSD in the main effects model (Table 2) . Interaction models showed similar significant associations on risk of PTSD as main effects model. In addition, the interaction term was significant: those with both higher MAN2C1 methylation beta values and greater exposure to PTEs showed a marked increase in risk of lifetime PTSD (OR 4.35, 95% CI: 1.07, 17.77, p = 0.04), confirming that methylation levels at this locus modify cumulative traumatic burden on risk of lifetime PTSD. These results are depicted graphically in Fig. 1. 
Discussion
The goal of this work was to assess epigenetic signatures of PTSD among loci that had previously been implicated in gene expression differences associated with this disorder. Our results demonstrate that among the 33 loci identified in previous work as being associated with PTSD based on gene expression levels assessed in peripheral whole blood,only one -MAN2C1 - showed evidence of a significant interaction with number of potentially traumatic events in predicting risk of PTSD. Notably, this interaction was detected for the locus showing the greatest fold change with respect to differential expression between those with vs. without PTSD in an earlier study ( Fig. 2; [19] ); yet prior to that work, the gene had not been implicated in PTSD etiology. Few studies exist that focus specifically on MAN2C1. Nevertheless, the locus is known to be involved in cancer progression, as its expression appears to modulate tumor growth in in vivo [29, 30] experiments. In addition, both in vitro [31, 32] and in vivo [32] work has implicated MAN2C1 in T-cell functioning, and yeast two hybrid assays have shown that it interacts with an immune-system related gene, HLA-B associated transcript 2 (BAT2) [33] . Both gene expression [17] [18] [19] and methylation [16] studies of PTSD have indicated that dysregulation in immune system related genes in peripheral blood are associated with this disorder. Together with these earlier gene expression results, our study provides additional, specific evidence of this immune-related gene's importance in developing PTSD, and suggests more generally that both gene expression and epigenetic changes at specific loci are associated with this disorder. Our detection of a significant interaction between MAN2C1 methylation and participants' exposure to potentially traumatic events adds to a small but growing literature examining the joint and interacting ways in which molecular factors and cumulative traumatic burden may modify risk for PTSD. Recent work by Kolassa and colleagues [34, 35] has focused on survivors of the Rwandan genocide and risk for PTSD in light of genetic variation at two distinct loci: the serotonin Table 2 of [19] . * * = p < 0.01 PTSD vs. control.
transporter (SLC6A4) locus [34] and the catechol-Omethyltransferase (COMT) locus [35] . Although the prevalence of PTSD approached 100% when traumatic exposure reached extreme levels in both studies, those homozygous for the short SLC6A4 promoter allele showed 100% probability of PTSD independent of number of traumatic events [34] ; and those homozygous for the Met COMT allele showed a high risk of PTSD even with small traumatic loads [35] . These results suggest that molecular variation can moderate risk for PTSD among those exposed to similar numbers of traumatic events. Results presented here add a new dimension to these findings, in that the molecular variation under consideration is methylation level, rather than genotype: at low levels of MAN2C1 methylation, there appears to be little variation in risk for PTSD among those exposed to lower vs. higher numbers of PTEs (Fig. 1) ; at higher MAN2C1 methylation levels, however, the risk of PTSD is exponentially higher among those with greater numbers of PTEs. Still unknown is the role that both genetic and gene expression variation play in moderating risk of PTSD at this locus. Future work considering the combined and interacting effects of genetic, epigenetic, and gene expression variation on risk for PTSD are warranted.
It is notable that the remaining 32 loci implicated in the two gene expression studies examined in this work did not demonstrate significant methylation x PTE interactions in predicting risk of PTSD. These results raise the possibility that epigenetic modifications may not play a substantial role in the molecular biology of PTSD; however, since power may have been an issue in this study (discussed further in the limitations section below), additional work with larger samples will be required to evaluate this hypothesis. Equally likely is the possibility that we may have missed assessing methylation at CpG sites relevant to gene function by relying on CpG sites represented on the HM27 BeadChip. More specifically, within any single gene, methylation of some CpG sites may be unimportant to gene function and thus lack relevance to the phenotype under investigation. For example, in the focused study of SLC6A4 methylation differences associated with depressive symptoms discussed in the introduction, in vitro expression analyses showed that partial methylation of just four targeted sites within the promoter region of this gene was adequate to reduce gene expression to levels obtained through complete methylation of the entire promoter region [12] . These results suggest that methylation of the remaining CpG sites in the promoter is unrelated to gene function. Notably, in this example, there was no association observed between the four gene expression-relevant CpG sites and depression [12] , emphasizing the complexity of pinpointing gene-expression relevant epigenetic signatures that are also relevant to complex mental illness.
Furthermore, epigenetic regulation of gene expression is a complex biological phenomenon that is still being worked out in basic biological studies. In general, methylation and gene expression are typically believed to show an inverse correlation, such that increased methylation corresponds to decreased gene expression and vice-versa. Recent work, however, has demonstrated a more complicated picture. A genomewide assessment of quantitative trait loci (QTL) that assessed SNP variation in association with either methylation or gene expression QTLs showed that, in contrast to the classical prediction of an inverse correlation between methylation and gene expression patterns at specific loci, almost half of the significant methQTLs and expression QTLs correlated in the same direction [36] ; however, when joint meth-and expression QTLs involved a methylation site falling within a CpG islandwhich occurred in only a minority of cases -the classical inverse pattern was observed [36] . On a more clinically relevant note, the genome-wide scan of methylation differences in the rat model of PTSD discussed in the introduction identified four total genes that showed PTSD-associated methylation differences [15] ; however, only one-Dlgap2 -showed altered gene expression between rats with vs. without PTSD-like phenotypes. Thus, just as some loci show PTSD-associated methylation, but not gene expression, differences, the converse is also true: there are likely to be genes that show PTSD-associate gene expression, but not methylation, differences.
Our study must be interpreted in light of a number of limitations. First, although we were able to identify PTSD-associated epigenetic signatures in genes previously implicated in PTSD dysregulation via gene expression studies, the ideal study would pair gene expression and methylation (or other epigenetic) data from the same individuals, in order to more robustly assess the correspondance between gene expression and methylation data with respect to PTSD. Studies to address this issue are currently underway. Second, in relying upon previous studies of gene expression data, we recognize that the analytic approaches used to identify differentially expressed genes differed between studies, such that the candidate gene list we used to investigate PTSD-associated epigenetic differences was arrived at by heterogeneous methods. In addition, by constraining our inquiry only to genes that have been implicated in whole blood-derived gene expression studies, we are undoubtedly missing other epigenetic signatures relevant to this disorder that have been implicated in other work (i.e. genotype-based candidate gene studies in humans and animal models of PTSD, e.g. [6, 15] ). We thus consider our approach to be only an initial, limited assessment of epigenetic signatures associated with this disorder. Third, although one of the two gene expression studies was genome-wide [19] , the epigenetic study with which it was paired in this work assessed methylation levels at only 14,500 genes -the largest number available to assess via microarray to date, but not completely genome-wide in coverage. As such, we could not analyse some loci that were represented on the HG U133 Plus2 Array but not on the HM27 Beadchip (e.g. HLA-DRB1, TMEM167A). Fourth, although we included 100 individuals with and without lifetime PTSD -greater than the number assessed in either of the gene expression studies -we were likely underpowered to detect methylation x PTE interactions at some of the candidate genes tested in this study. Although the optimal sample size for epigenomic studies is currently unknown [37] , our own estimates suggest that our power to detect an interaction in this study was roughly 0.24, far lower than the typical study ideal of 0.8 or greater. Finally, although we did detect a significant interaction for MAN2C1, the p value did not meet the criteria for statistical significance when accounting for our multiple comparisons across genes. Nevertheless, the p value far exceeds the more liberal p-value cutoffs (p < 0.2) sometimes adopted for G x E interactions (e.g. [38] ). Replication studies are clearly needed in order to address these several study limitations.
Despite these limitations, our work takes a first step towards demonstrating that coordinated gene expression and epigenetic changes may offer potential molecular signatures of increased risk for and resilience to this disorder. Our primary result stemming directly from the analyses conducted in this work -that MAN2C1 methylation level modifies traumatic burden to predict risk of lifetime PTSD -also helps to shed light on the biological correlates of individual differences, thereby helping to explain why some people develop PTSD in the face of exposure to PTEs, while others do not [4, 24] . Ongoing work assessing genotype, gene expression, and methylation differences between individuals with vs. without this disorder should provide a more robust characterization of the molecular variation underlying phenotypic variation following PTE exposure at MAN2C1 and other loci.
